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1 

*Sifi*liirt'T?*»*Brt fcUl UAftnrtS&ND 7 -f ;i/ 

gu83ND7-f;i/^-(±, as©s&3 &»$©««&« 

«iiftlfltf»*»flc Hi UAftRltS&ND 7 -f ;i/ 
SSEND^-f^-tt, «ft©JSfc32Sa*©ffi*££fc 

Tn 2iMS©*V^*l«DND7-f^-««tt, **l«fc 

**S < Ufeci:£#mi:-r3ND7*;i/*-Igllj£ 
ft. 

t-r «n &s i * 2 KiEtt©N d 7 -r jv*-mm& 

B. 

[R«94] C«^EJ:&Bft©3feBHtt3tt*B 

nt*3 5 ] Ktt^efc «t ^ ««©3fe»B#sw£E- 

lfrUTiSng£Rr£J:^£;ftfiSafi5$!«i;, 
i?)^ttHSSSiS'5tfflF f 3T-«^JgrtttBUAnqItE«; " 
ND7-T Jl^-fctf "T *3fcBWttSBfc*V^ 

'BBND7-f ju*-tt. Bft©Sfea2»*s©fB#&:S 
U 6 *»3l6»rt C A 5 Sic (±®@^©S 

Ts iaii*©av^»i©ND7-f^HHatt. -en«t 

D 63»*©fi»£ 2©ND7-f ^HB« J: 5 *>@« 

[ft*8 6 ] 6utB#BH&St#t: <£ 5#Sl@g5tt<i£ 

5 si*® 4 £ & tt 5 i3«©3fc§^SSSg. 
[»#87] fJE«»im©rt*fc»-r*fiIIBND7 

-f ;i/^-©ffi«4 iw-t saturatst* tz z t znm 

t + & Bt*g 4 1 tz tt 5 f 3©©#§f§§5;gg. 

ttiu#ai:©fliat*-sv^Tx snB^sa0««t©en s 




) nmZO 0 0-2 1 4 5 1 4 

2 

[»*jb9] m&g8e«©ftBHtt&B&£u 85 

[tt*3 1 0 ] hSI3»* ©fct> iiu§3ft&§|g5gB## 

Rif^©rapg^Mx.T'j^©Pipgt^fi : -r.5^ s bu13 

W#a9!B«©»ftgB. 

[R^ia 1 1 ] fjesMwatt, «Mwt-tt»* 
£ gJustB 5 c * fc t) m&yt*mm%tt#m%.<D f 

«9H3«©}i^Bo 
[IS*® 1 2 ] huIBF^© F flltt, rIB £ & 5 C fc 

afc-rsttRS 1 1 !3®©}i^e. 

huIBN d 7 -r - i: < t £ — 3jgi±oBf«©tt 

SS»©e»*ai:fiW3ND 7 -< ;i/^-©|gi6#ISi: £ 

&&mmtz> z t ztmt-rzm&m. 9 i3®©jt&^ 

B. 

fcS«Bfcf*BI«ffll 3B«©»BSB. 
[tt&B 1 5 ] ffiESHH^StiU ^ft < * iiul3ftfi 

MBttfflfettJ^Sfc J: >)^$ftsftBHSMftB#iaft 
*U<tt»i©IBP«*&» K£l©nnSJ:!>'h&© 
Sg2©B8n&fcfc3Brt:fciU Hui3ND7-f ;i/*-£3fegg 
^©^SffiB^ t»il©ND7^M ?) H Pg5 

si>ts®fflT«Us fjR#aa®ttJBtftaj#fB!fc:.fc 

Ut^tB^ixS^Pttgl^BugB^ 2©Plpg^t,K® 2 © 
RlPS«fct)^SfiJC:»5i:s l5I3ND7>f ;u^-^auI3 
m 2 © 7 -r ;u^-*sMPSt: AS^ffl fe*»re»-r 5 
Ct*W»i:-rsil*B9E«©BB«B. 

[0 0 0 1] 

^B88ffliSB*5«tV«{feSBt^»)s K?^-*^ 

5, ^^;i/*^7^©a»«BC«v^*Bgafi5^ 

Bs «t*BB«sffl«i:ttaic««*feND 7 -f ;M?-© 
|gi&tcgir^t)©T-fei». 

[0 0 0 2] 

[«£*©«E^] C C D«©g{ttl£*?&ffi^Tl!lBfe 
U < »±»±@i 6 8B«r S BfiKSEB i: UT© Kr** ^ 5 

s-ctts a^ffl«:*^i^**Dxft^l^©ji^{c^^v^ N hi/ 

3-f>^ 1/4 -O^, l/5-f >^fc|);-r*'hS-y- 
l/4l'>5 L i:Sr^5it-YXtt^SAs^4mmT- 



ft) 4 O^CDij^S^^UT^So 
[0003] ;rfte>©'i'p<-^1MX£\ ^Hl 35 
7 ;i/A©jtffcft4 3 mmt\t®tZ> tX&H'bZ^Z 

XC»'UT*«3fc/hSMb*«-lRflSJtl±RriB-c*S. It 
MU l/4rf ^©CCDt^fctfT^jM^T-ttX 
-Ait#l 0i;V>-3;fcX-Ab>X-^ ^©£ft#5 0 
mmSI * T- /hSfti $ tit V * S . 
[0 0 0 4] ;r©J;?&}i{&SB£/l!v>S>ft3X-AU 

>zo-imtLm&zm 1 7 t^-r. 10 

[00 0 5] -f 7*-*^l/>X©l^>X^'fX 
li«**Q£ftTV%5#, 01 7 ti 4 ft 

*)^©u>xgfS7*- *s/>^tffl^*afttnj«ft 

Ttfr* mi 7fc43Wtx 1 1 l{±@^©mi51/>Xg¥, 
1 1 2ttn«Joc-^-u>X?¥. 1 1 3H:@^©U>X 

1 1 4J±7*- (3>-<>-fe-^-) cdi^ 

>XifT*fe5o 

[0 0 0 6] 13 3ttHt>±»«©3(SrtflK 13 4&M 
'Ji-^-U>Xffl 1 2<DM*)fts 13 5tti^M 
(3k 13 6liaDar-yh (d^T*{±iffi®i:iS^Ci?A 20 
SflTV^K 1 3 7tt73)~ JiX*— *-Tfc3i:C 
5©^T9 7 : E-i'- 1 3 Stt^Tf/t-^-l 3 
7©tfc*ttffe!), 7*-Ai/>^OU>X8114S 
^UrT £>:&©;*-* J> 1 3 8 a©iDX*sjS^fiTV%S. 1 
3 9ttZ.<D**?l 3 8 a h®fr&? * 
X\ u>Xl l 4<z>gftftl 4 0i:-#i:&t>Tv>5. 

[0 0 0 7] 14 1, 14 2&U>X1 1 4©*rt#, 
1 4 3(±Sgf*9«U 4 1, 1 4 2^{fiB*»LT»$^.5 
1 4 4tt'J 1 4 ^ttX-A 

14 6ttX-A*-^-14 5©i«a^|JL- 30 
*K 1 4 7, 1 4 8fctiif;3 : 7T-&»K £©3gSfr*7' 
1 4 8ttX-A©&!)gil 3 4{ZH^^nT^i»o 
[0 0 0 8] &£IMtCo^TlfcS81-£ 0 Xxy/t- 
^-1 3 7*sfgi&1-5fc s 7t-A^U>X114li* 

-1 4 5*ffift1-5fc> Si&^Tl 4 7, 1 4 8^t 
Tfcfcttii 34#®UU - ©to fcttl 3 4it«£-fS 
1/>X#1 1 2aCfc8£*xfcmj:n-*-l 1 2## 

[0 0 0 9] ft, X-A^-^-i:LTs ±HLfc7* 40 
-*»>>^l/>Xi:|5l«C^7 1 s'X ; &-^-SffiV>T^ 
«tofcv^. 

[0010]^ E7©SiWK:*^T> «'Ji-^-.l/ 
>X8MiDC*-*-14 5£fgi&igi;U •£©{££& 
Hit L/Ts «*«^';x-^-»»3»t-fta«jCJRD«- 

lft-r5«tat«fig$ttfc^'Ja-Ai>3-y-T-tfeHi 

[0 0 11]**. c©#*^S^fflv^Ti:t., 7*- 



(3) ^12000-214514 

4 

/Vb7.g(S:5i^Wt:*7> l'>Xg¥©*fettt&g£ 

[0 0 12] X, ^©.fc^&XT^yX*— *-<£/8B5© 
**WSB©«Wlttt7* M 5 X*£ffl 

[0 0 13] Stc, *ft*ft®^»l/>X»«D|gii»i: 

[0 0 14] d©fll*X-Ab>Xi:v 8u5EL/t 
C CD^©smi^^Sfflv^t}l^M{c:*lts^M 

[0 0 15] mi 8tt. CO**BB»*ai*R?8-|-*X 

[0 0 16] 2 0 1 ttafciHSgB-?. 0l*.f£R!>£EE 
T-fe5o 2 0 2, 2 0 3tt*BH«i»«tbT©»t)W 

2 0 4i±pacu 2 o 5ti«n^it?,t\.fciaMrap 

[0 0 17] 2 0 6l±Utfia2 1 0*s@^^nfcD— * 
(^0^) ^ 3— ^ 3-7{C#[I];*iT.5 

tl-5SM&S5, 2 0 7 (±tB*« 2 1 0 t@^©T-A l/M 
-s 2 0 8, 2 0 9 &7- A W\'— 2 0 7 i:33«©^i!) 

[0 0 18] 2 1 lttCCDeoBttatBJR?* 212 
»±T>X(1S S 2 1 3tt**5flMMrai3Hk 2 1 4I± 
1/3-^-, 2 15i±>7 , -K 2 16(i^-h2 15© 
7<t£-S»{SB©'5rg*g!. l 2 1 7tt?-a7;i/X-f v 
?\ 2 1 8l±¥^SV^l/»aillISSTfe5. 
[0019] HC, 2 1 9 fcHi^B©^- K«JftX-f 
2 2 OliiS^ffiiEX'f 221tt{"f5>y 
2 2 2KCPU, 223&CPU22 
2ft (Xtt^T-fcoj) tR»6*ifcpt*y- % 2 2 4li 
CCD H 5 X(UBJT\ C©fl|fl4«SSS*B$|ffl 
•^-M) ©nJ£[E]8&£^trfc©T-&3. 2 2 6l±i£ 
t)3i>rt-^- x 2 2 7tttt»)SlbilB-?&S. 
[0 0 2 0] ei±C*WC, CCD2 1 l±0£&L;fc 

S?«;otB, *©$S£©&^fc&bfcjigs§©m?£ 

SilUT^ **UI9CK&3*u T>X[SES2 1 2T*« 

♦i^nfe^ ztvm^ximmmz i 3t-^oa>t 

»IE^©5!iS^S£$n5. i^C©^Stt, 
©^^^^■f-^T-ff iV>. 
[00 2 1] ^©«tUT#?>^fef!il5^(S^iUn-^ 
-2 1 4tZXtm$ixZ. 

[0022] X, ^tff©o*3>b77Mf 
(Y{g^) {±SiJ^-h2 1 5lCi^T, pErtfiff^tt 
g (M^tEIIfi'CMS) ©n>b7^hfs^<t 
^JR^iUSii, ¥J9if«l^^»miHlK2 1 8(CX, C 



3. J»fflSnfc¥JS»ttCPU2 2 2tBt!?a*ha. 
[0 0 2 3] 2 1 l\$Z<Df-Y2 1 5©7cgi*£glS 
bT. «*#4««ft*Rjil*£V=a7;U^-fv^Tf* 

pu2 2 2*«JHKLfcjiy7»asiS*catSx 

■rT**«2 1 Q&f-YZ 1 5 ©{fig. *£$©&S 
SRll&fcbT^S. ^Hs ffi«RT**«2 16, v^a. 

*^2 l.Ttt&rbfei&RTttfc^. 
[0 0 2 4] CPU2 2 2m 3t S&^ftfc^iSfg 10 

©*ssi*a*rtfc/*y-sftTv*s*m»tifcffls 

4>b<(±, CCD 2 1 l^®*&*ltl$lll&£<b 

[0 0 2 5] tt&fcttfr-j-fltefctiU 2 2 

7 fc«fc 5. ©3*M:««E*Wri:tH;& 
862 1 0 t.7— iWt- 2 0 7#[ilH-.5. £©W*— 
*Blirc:r-A«©l£>fc«tt2 0 3, 2 0 2©$fcSggP© 
8#&£bTV>5©TN UM-2 0 7©Hl6fcJ:5 % 2 20 
ft©E«2 0 2, 2 0 3tt, ±Tt^7-f Cfl 
Ci!), PIP 2 0 4©^c#^A s ^{b"l"5o 

[0026] ztDmicmmamm&z^&mnwmm 

[0 0 2 7] CCT\ A^7 ; e-KSw2 1 9ttt, 

&£©««*- KaBRSff-S*©-^ ;r*xfc.fc?>}tf*# 
©ftfi&ECfSbT, H-©* Wt; *,:.«!> ttfcS"* 

S. d©&©gHi7'D7"-7A©ffif| f"7D^7A^0j 
tt^t'J 2 2 3F«9Kffi&fait;**xSo X, B^HfE** 
^2 2 0*^£fiSi:. spJS«ttl/'VV©3f«ttS 
2-3J&9-, S»fca^S&iT©»lJWT&i>*i*. 

[ 0 0 2 8 ] C C T-±iE©^ * 'J 2 2 3 t!Eit£ftSj£ 
©fi^tffcJSfcSfcliU felT©0X ©, 
®© 3 o©$tJif^{$#£ bT V> 6 „ 

[0 0 2 9] (D ffl&r\/\Z7 (B#T-(JN 

tsc) izmrzt, -&vnz&n.&wmmm*i/& 

[0 0 3 0] @ f&BjhbT. ®<iE?fttS»ft 

*i£&©iS;J£ (ilv^g*fl$fi3©S5£) ttffft** 

§£fcbTl/2 5 0#. 
[0 03 1 ] BP%±E(D~<2rc-^*y*-&gT-tt2© 

® 1/3-f >5^T-F 1 6, 1/4-Y >^TF 1 lflg 
HPg* s /h$<'B:5^tlHlJflc:J;5^tttg©<£T4^ 50 
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[0 0 3 2] H17fc*Wi\ tt«|fctttt!>©FNo, 
®ttCtt£^tf£hUT©MTF£^L-TOS„ MTF 

Jtffi£l$£IIM&ftK:jft tTtttt*fl3-r S. 
[0 0 3 3] ga&©MTFtt, «9*«8J:Wa#t 

ft*: C bfrfc. tt&tt#±aUfc'httD 

{cj;5lH]Sr§ei-rfS (F„) £jtg;L3i:. COSSC 
■tSMTFtffgTI-S. 

[0 0 3 4] d©F,, <kD$5VMK|-£©^b*>i&D$JfflI 
#HJ*fc^«*\ HSCF1. 4gg©U>XT-l±, SI® 

im x c * i 5 a 5 6 mm.<Di>tmmm l&t- s fe t>. 

[0 0 3 6] ZOZtfrt,, XREOJIftSSTtiU 

©^ffitcN d 7 -f ^wtas 5 mtx^ zzt. 

ifi^o ®20 (A) ~ (D) 8u 33*g2 0 3 KIND 7 
4 3 0ZM*)tt\ttzi%&X-mttl. (A) *>f>ND 

7 4Jl/*-#l§Pg:£T£3I-5*t<S (D) £©MP©« 
?&jSbT^5. NDaft#2Bl#ft£ (i/2)' = 

iE©8 + 3=l 1 i!), llffl±©ffi^»©W-5^©«EH 
T-©^aHS©^4s pj|g £ fe s o 

[0 0 37] 

t.wT©«*p I gs* s «-3fc. 

[0 0 3 8] • NDgg£t§-^i±T (MP©ND74 
;i/^-©W»5Ta5^-i:. ND7-fM- ©&V>±gB# 
i:©±TgP#) ©»g©^:n-:r^><7-#&£U J9- 
Jla©*¥#■e*JS-«tK:BBI^S*^ftv^c:^:4s**. 
[0 0 3 9] • tf^fcLT. ^©BW^tCND;?^ 

[0 0 4 0] •H&5CCD©/jNS{bK&gT£#<-\ 
±j£F lk ©tt*s F8 i:iPF5. 6Jfi5<^T*5 

[0 0 4 1] c©a, c:©«{c^«ta55©T-B:'5:<. 
±<«UfeCs ND7^f^-t:^KtCilil/Anqft6(ci9; 
Its &!>fii:F,,©it8«{C»^TCPU#EVF (S? 

t;jL-77-fy^) ^ND7-f;i/^-©tBbxnsjg 

?sU fti?##ND 7 -*;u*-©mbAftSf££ 
v^9^^4t»«t<»l&^^TV^i,A^ ttSbAHJi^^SSIJit 

t. 

[0 0 4 2] StC^a^Atts w©BH£ff&-*-3§ti 
t-s «D*«i:ND7-f;u*-*B©iHC» CPUCi 





( 5 ) 



®m2 000-214514 
8 



7 



[0 0 4 3] bi>U C©£&T-4k ND7-fM-© »*StJ:t)JfcHt«S«ftfflrt"TJ*»*l»rtfc:UlbA 

3«&tt!iT-©ltg#fT&i>ti3i^ By^Cffg^i- §5f3ND7-f;i>*-Bu S$t©#lfc£®l*©^ij£ 

[0 0 4 4] 02 lftH 1 8©/^»J 2 2 3 070^7 [0 0 5 2] *tHSIt^S»M©BS5*liai:5^S8l 

tri/6 0 s e CCDS'* 9*XK («****!■) * «#&^bTBSPgS^gfc1-*#a8Sffi5«*«i; s IE 

H8U &p* s F,,K3ibfcS.l/2 5 0 sec£f$' »¥«t it>**tlWI«a:iBrtT;#»*«rtCaiUA 

trfc< ('.htt&liifrttiBSS* 1 ) Sic/htt *) i&i-o 4)© Tv B5§3ND7 4;i/*-tt, lft&©J|&S3B*©fl(tt 

[00 45]-^ 2 A«|-CSt7D ^5 A^{±s ©^«tt#S4D£*ft%lt AC AS J: 7 C«lJ«S*iT 

g*tt¥#8IK*»< bfev%»-&©^T\ §gM*>e>ft«!J v>t* ^$©&v^&i©ND7^;i/£— «*£fefc % -eft 

ES/***S 1/2 5 0 s e c*-e±tfTV>S. £t>*>2»*©(SV->!g2©ND7-f ;i/*HB«J;t)fcB 

[0 0 4 6] a®t bT©#lffiJ8©HjftVv&£8^- «£*t < bfcfc©T&S. 

D SPSttC UT^fcv^«2Q*£*:tt88aT? 20 [0053] *&mic&Z&yi<0 B$)&2&%tZjlt*m 

mirrvir7AmmX'i>mt3^>o gSgg©Sg3©«ffi£B:> ±g3bfc3fcSSies&B©Sgl£ 

[0 0 4 7] *tf«K:^t>«%99©§«ttx -©±T &B:Si2©#/Sfc:j3V^ iiu!3#§i!®ig|5#fc:<fcs#g 

->^-tV >*©i»jt $ u*:**s»*auaE-c & s»tts*ttun-s*«a»ttssttto#®**i-* * © 

SND7<r/l/*-EA£Bx #B83»«B:i3<fctf»»& T-&S„ 

M£il&b.fc-5i:iJ-S4>©T-;&S. [0 0 5 4] *ffi»K:#Sf6li©gfi«J^I|3g-r53feg^ 

[0048] ©ggfflig 4 ©«|f£tt N ±13 Ufc>feafig5^M©^ 1 $ 

[H«*»fc-rSfc»©#«] *HMC«S«8©Btt fctt»2©*J5Et^Tv HJE*«r3teB©rt«.fc»-r5 

*sssi-snd 7 *;u*he»£b©!8i ©»««:, e Hiri3ND7-f ( n/*-©fflBstftiaf*i*ai*afe»o-& 

i&^siix ^©Eifr^iaECiijjfcttfcteSifi&srtT*^ fc©T-&s. 

»3WrtCttibAft^l6£ND7*:fr*-fcS;&* : 5N 30 [0 0 5 5] *U«CffiS&l!B©gn££&-*-S£BH 

D7-f;^-B»lC^T, ttBND7-f^- ®&g©M£5©«lfi&BU ±Sbfc3fefifS»&B©Sgl£ 

it, «&©n&sigsi$©ffi*££*u fcH»2®iw^T, mutunwcjLixi 

*»3toHW'vASHK:Bu aa*©«vWtttf 3i©ttffi£fcatS?fegiS©tt^ffi^a0tfcfHtil?&i: 

»JWrtfcAS«fc*Mib&*© , e**. iiffla«»3W©rt^t«t*WBND7-f^-©tt« 

[oo4 9] *awic«**w©im*«ji-*-*ND7 *twa-r*«tiH*«i:©fli«fcas^Tx &ii3>fcgssg5 

m^mz i 5 jute BSft&mn-ttttofciftti c a bx mt *Kmmt&fm*st**-th *><nx-%%. 

ftqMt&ND7-f^-J:**-J-6ND7-f^-e» [0 0 5 6] *UHC{$S«ijB©gtt£fg3-*-Sif&£ 

SBC*^T % ttBN'D7<f/l'*-l& 8R©H&S3 g©?g 1 ©ffij&fci, ±f3bfc!g5©$j&©7fcgilS5^g 

«*©*«S*U #»3fel^fr&*«ra8rtCA5IR 40 £*TU t&ffi#a»««fifc*mS#*f3S5#M&i:ND 

U±^*©iSv^^#S$C*&*iSitrttcAS i^t 7 -f **-fcfcJMfc3fe£*fcEB bfe &©T-& S. 

«<a*hTv>T» aa*©s^»i©ND7^^-« [005 7] 4^£iii«m©§tt£fg!i-*-sjfft£ 

*UU -fiiJ:!J*3«[l*©fiv^*2©ND7-f^HH g©£ 2 ©#f fi£ti< ±BBb &«•«■©* 1©*«C* 

#«fc 5 bffimZKZ < bt4)©T-feS. Wt> MBMfl*ftttv fi3E3fc*W»SiJ»*smS©PBP 

[0050] *awc«*»w©aa9ssitst*ND7 gstf*T/hg©npgfc#fT-*-siR> mji3ND7-f;u 

-f;u^-ai&$ie©m3©«ifigtt, ±i3bt^isti± ^-©e»*a*B«r**©*efe*. 

*2©«j«C*V^Tx «B*»*«©rt^C»-r*SrE [0 0 5 8] *tBBS(c^5^©iSDt:jl^-r5JS^ 

ND7 4fl/*-©tt«4tftarstfta*«fcli»7fcfe© g©^3©«lfi£tt, ±Sbfcli£gB©&l©«ifi£Ci5 

[0051] *^\ztosfmDBtf3*9mtsi!tmm so stc&fe pBui3#gia©$*r#ffi£©F{a£T-&-3 



©M«S©ttfl^#**©*ft*jtfiEbTV>5. 
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T feaiEBffiaW&ftft^tt^fctti&TN D 7 -f 

<D&m^®%mmt % <t -5 t u t * ot-$5. 
[0 0 5 9] *aisic«5*w©§fl5ssia-rs»fes 

a©Sfl4©«fi£l±, ±I3lfctlMl©I3CD«CJ3 

[0060] m&mzmvsmnm-tzmm 
mon 5 ©«£$&, ±«abfesw6«aoJS i 
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SPECIFICATION 

TITLE OF THE INVENTION 

ND FILTER DRIVING DEVICE, LIGHT QUANTITY CONTROLLING DEVICE, 
AND IMAGE PICKUP DEVICE 
[ABSTRACT] 

[PROBLEM TO BE SOLVED] To provide' an ND filter driving device 
capable of achieving light quality control which takes 
prevention of vertical shading into consideration. 
[SOLUTION] An ND filter capable of being entered and removed 
from the effective light beam on a surface nearly perpendicular 
to the optical axis by a driving means is structured so that 
it is provided with plural regions having different 
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transmissivities from each other, and that in the case of coming 
into the effective light beam from outside the effective light 
beam, a region 238 of the highest transmissivity comes into 
the effective light beam first. 
WHAT IS CLAIMED IS; 

[CLAIM 1] An ND filter driving device comprising: a driving 
means , ^ and an ND filter, capable of being entered and removed 
from an effective light beam on a surface nearly perpendicular 
to the optical axis by the driving means, wherein 

said ND filter has plural regions having different 
transmissivities from each other and is structured so that the 
region having a high transmissivity comes into the effective 
light beam first when said ND filter comes into the effective 
light beam from outside the effective light beam. 
[CLAIM 2] An ND filter driving device comprising: a driving 
means, and an ND filter capable of being entered and removed 
from an effective light beam on a surface nearly perpendicular 
to the optical axis by the driving means, wherein 

said ND filter has plural regions having different 
transmissivities from each other and is structured so that the 
region having a high transmissivity comes into -the effective 
light beam first when said ND filter comes "into the effective 
light beam from outside the effec-tive light beam, and a first 
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ND filter region having a high transmissivity is structured 
to be larger in area than a second ND filter region having a 
lower transmissivity. 

[CLAIM 3] The ND filter driving device according to Claim 1' 
or 2 further comprising: a detecting means for detecting the 
position of said ND filter with respect to the inside and 
outside of said effective light beam. 

[CLAIM 4] A light quantity controlling device comprising: a 
light quantity controlling mechanism for making an aperture 
diameter variable by making a driving means drive plural light 
quantity controlling members, and an ND filter capable of being 
entered and removed from an effective light beam on a surface 
nearly perpendicular to the optical axis by the driving means, 
wherein 

. said ND filter has plural regions having different 
transmissivities from each other and. is structured so that the 
region having a high transmissivity comes. into the effective 
light beam first when said ND filter comes into the effective 
light beam from outside the effective light beam. 
[CLAIM 5] A light quantity controlling device comprising: a 
light quantity controlling mechanism for making an aperture 
diameter variable by making a driving means drive plural light 
quantity controlling members, and an ND filter capable of being 
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entered and removed from an effective light beam on a surface 
nearly perpendicular to the optical axis by the driving means, 
wherein 

said ND filter has plural regions having different 
transmissivities from each other and is structured so that the 
region having a high transmissivity comes into the effective 
light beam first when said ND filter comes into the effective 
light beam from outside the effective light beam, and a first 
ND filter region having a high transmissivity is structured 
to be larger in area than a second ND filter region having a 
lower transmissivity. 

[CLAIM 6] The light quantity controlling device according to 
Claim 4 or 5 further comprising: a light quantity control state 
detecting means for detecting a light quantity control state 
controlled by said light quantity controlling members. 

[CLAIM 7] The light quantity controlling device according to 
Claim 4 or 5 further comprising : a detecting means for detecting 
the position of said ND filter with respect to the inside and 
outside of said effective light beam. 

[CLAIM 8] The light quantity controlling device according to 
Claim 4 or 5 further comprising: a controlling means for 
controlling the driving means of said light quantity 
controlling mechanism and the driving means for driving said 
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ND filter, based on detection information of the light quantity 
control state detecting means for detecting the light quantity 
control state controlled by said light quantity controlling 
members and information of the detecting means for detecting 
the position of said ND filter with respect to the inside and 
outside of said effective light beam. 

[CLAIM 9] An image pickup device comprising: the light quantity 
controlling device according to Claim 8, the light quantity 
controlling mechanism and the ND filter in said light quantity 
controlling device being disposed in an image pickup optical 
system. 

[CLAIM 10] The image pickup device according to Claim 9, wherein 
said controlling means drives the driving means of said ND 
filter when said light quantity controlling members make a 
shift to a narrow aperture diameter after passing through a 
prescribed aperture diameter. 

[CLAIM 11] The image pickup device according to Claim 9, wherein 
said controlling means does not drive the driving means of the 
ND filter until said light quantity controlling members are 
reduced to a prescribed F value in order to obtain optimum 
exposure from an overexposed state. 

[CLAIM 12] The image pickup device according to Claim 11, 
wherein said prescribed F value becomes variable. 
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[CLAIM 13] The image pickup device according to Claim 9, wherein 
said controlling means controls the driving means of said light 
quantity controlling members and the driving means of said ND 
filter so as to perform lighht quantity control, while keeping 
at least one prescribed state relationship between said light 
quantity controlling members and said ND filter, 
[CLAIM 14] The image pickup device according to Claim 13, 
wherein said prescribed state relationship becomes variable. 
[CLAIM 15] The image pickup device according to Claim 9, wherein 
said controlling means drives said ND filter in a range from 
a retracted position outside the optical path to the position 
where the first ND filter fully covers the diaphragm aperture 
diameter when the light quantity control state detected by said 
light quantity control state detecting means is between the 
full aperture or a first aperture diameter and a second aperture 
diameter smaller than the first aperture diameter, and drives 
said ND filter including the region where the second filter 
comes into the aperture diameter when the aperture state 
detected by said light quantity control state detecting means 
is on the second aperture diameter or the smaller diameter side. 
DETAILED DESCRIPTION OF THE INVENTION 
[0001] 

[Field of the Invention] The present invention involves an ND 
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filter driving device, a light quantity controlling device, 
and an image pickup device, and relates to a light quantity 
controlling device for use in image pickup devices such as video 
cameras and digital cameras, and particularly to the driving 
of an ND filter provided separately from light quantity 
controlling members. 
[0002] 

[Prior Arts] In video cameras and digital still cameras as image 
pickup devices for recording motion or still pictures by using 
a solid-state image pickup element such as a CCD, particularly 
in the^ field of consumer devices, with improvements in micro 
semiconductor processing, solid-state image pickup elements 
of miniature sizes such as so-called 1/3 inch, 1/4 inch, and 
1/5 inch are most generally used. For example, the size referred 
to as 1/4 inch has an approximately 4-mm diagonal length' and 
approximately 400,000 pixels. 

[0003] These image sizes are extremely small, when compared 
with the diagonal length 43 mm of the 135 film, for example, 
so it is generally possible to drastically downsize lenses 
having the same angle of view compared with lenses of film 
cameras. In reality, in a video camera using a 1/4 inch CCD, 
the whole length of a zoom lens having a zoom ratio of 10 has 
been reduced to as small as 50 mm or so. 



[0004] The general structure of a zoom lens for use in such 
an image pickup device is shown in Fig. 17. 
[0005] There are various lens types known as inner focus lenses, 
and the one shown in Fig. 17 is composed of four groups and 
the rearmost lens group is used for focusing. In Fig. 17, 111 
is a fixed front lens group, 112 is a variator lens group, 113 
..is a fixed lens group, and 114 is a lens group for focusing 
(compensator) . 

[0006] 133 is a guide rod for rotation prevention; 134 is a 
feed rod of the variator lens group; 135 is a fixed lens barrel; 
136 is a diaphragm unit (in this case, placed orthogonally to 
the paper face); 137 is a step motor which is a focus motor; 
and 138 is an output shaft of the step motor 137 processed to 
have a male screw 138a for transferring the lens group 114 for 
focusing. 139 includes a female screw which is engaged with 
a male screw 138a and is integral with a transfer frame 140 
of a lens 114. 

[0007] 141 and 142 are guide rods of the lens 114; 143 is a 
back plate for positioning and holding the guide bars 141 and 
142; 144 is a relay holder; 145 is a zoom motor; 146 is a 
reduction unit of the zoom motor 145; 147 and 148 are 
interlocking gears, and the interlocking gear 148 is fixed to 
the feed rod 134 for zooming. 
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[0008] Next, the operation will be described. Driving the step 
motor 137 causes the focus lens 114 to be transferred towards 
the optical axis by a screw feed. Furthermore, driving the zoom 
motor 145 causes the screw shaft 134 to be rotated via the 
interlocking gears 147 and 148, thereby transferring the 
variator 112 held by the lens frame 112a screwed by this screw 
shaft 134 towards the optical axis. 

[0009] In addition, it is possible to use a step motor as the 
zoom motor as in the case of the focusing lens. - 

[0010] In the description of Fig. 7, the variator lens group 
uses a DC motor 145 as the driving source, and its position 
is detected, for example, by using a volume encoder structured 
so that a brush attached integrally with a variator transfer 
ring can slide on the board having a printed resistance pattern 
thereon. 

[0011] Instead of using such a method, it is possible to use 
a method for finding the absolute position of the lens group 
by using a step motor as the driving source in the same manner 
as in focusing, and continuously counting the number. of pulses 
inputted to stepmotor with reference to the reset position. 
[0012] For the detection of the reference position when such 
a step motor is used, it is well known to use a photo 
interrupter. 
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[0013] Furthermore, instead of the aforementioned DC motor with, 
a gear head and step motor, it is also known to use a voice 
coil type motor as the driving source for the respective movable 
lens groups. 

[0014] Next, the following is a description of a method for 
controlling light quantity in the image pickup device using 
such a zoom lens and the aforementioned solid-state image 
pickup element such as a CCD. 

[0015] Fig. 18 is a block diagram for explaining the method 
for light quantity control. 

[0016] 201 is a light quantity controlling device, which is 
a diaphragm device, for example. 202 and 203 are diaphragm 
blades as the light quantity controlling members; 204 is an 
opening; and 205 is a full aperture provided on the base plate. 
[0017] 206 is a driving ' part referred to as a meter part 
composing a magnetic circuit with a rotor magnet (not 
illustrated) to which the output shaft 210 has been fixed, a 
yoke, and a coil wound around the yoke; 207 is an arm lever 
fixed to the output shaft 210; and 208 and 209 are interlocking 
parts of the arm lever 207 and the blades. 

[0018] 211 is a solid-state pickup device such as a CCD; 212 
is an amplifier circuit; 213 is a camera signal processing 
circuit; 214 is a recorder; 215 is a gate; 216 is a variable 
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means for the size and position of the gate 215; 217 is a manual 
switch; and 218 is a mean brightness level calculation circuit. 
[0019]. Furthermore, 219 is a mode selector switch of the image 
pickup device; 220 is a backlight switch; 221 is a timing 
generator; 222 is a CPU; 223 is a memory provided inside (or 
outside) the CPU 222; and 224 is a CCD drive circuit, which 
in this case includes a variable circuit for charge 
accumulation time (shutter speed) . 226 is a diaphragm encoder; 
and 227 is a diaphragm driving circuit. 

[0020] The subject image formed on the CCD 211 is converted 
into electric signals as charge quantity per pixel according 
to the strength of the* brightness; amplified in the amplifier 
circuit 212; and subjected to a prescribed process such as gamma 
compensation in the camera signal processing circuit 213. This 
process can be performed in a digital signal processing after 
the A/D conversion. 

[0021] Image signals thus produced are recorded by the recorder 
214. 

[0022] Of the image signals, contrast signals (Y signals) are 
taken out separately by the gate 215 only from a prescribed 
position in the screen (for example, a small region in the 
center of the screen) , and the mean value of the contrast 
signals taken out is calculated by the mean brightness level 
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calculation circuit 218. The calculated mean value is taken 
into the CPU 222. 

[0023] 217 is a manual switch selectable by the photographer 
with respect to the size of the gate 215, which makes it possible 
to designate a measuring area such as center weighted point 
or spot. Based on these area designation results or the area 
designation results determined by the CPU 222, the size 
position variable means 216 can change the position and size 
of the gate 215. It is a matter of course that the position 
variable means 216 and the manual switch 217 are not essential. 
[0024] The CPU 222 performs calculation to determine whether 
the size of the mean brightness taken in agrees with the value 
corresponding to the proper exposure stored itself, and when 
there is a difference, changes the diaphragm aperture in 
accordance with the sign and absolute value of the difference, 
or changes the charge accumulation time to be sent to the CCD 
211. 

[0025] When the diaphragm is moved, the diaphragm driving 
circuit 227 causes the coil of the electromagnetic meter to 
be supplied with current, thereby rotating the output shaft 
210 and the arm lever 207. Since the pin on the arm side is 
engaged with the groove on the tip parts of the blades 203 and 
202 at the tip of this lever, the rotation of the lever 207 
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causes the two blades 202 and 203 to slide vertically. This 
changes the size of the opening 204. 

[0026] Changing the diaphragm aperture area or the charge 
accumulation time in this manner to make the aforementioned 
mean brightness level a prescribed value can provide optimum 
exposure. 

[0027] In the camera mode Sw 219, an image pickup mode such 
as a portrait mode or a green mode (automatic exposure mode) 
is selected, making it possible to select a combination of a 
diaphragm value and a shutter speed to meet the intention of 
the photographer for the same subject. The so-called "program 
diagram" of an exposure program for this is stored in plural 
in the memory 223. Furthermore, when the backlight switch 220 
is operated, the prescribed value of the mean brightness level 
is raised by two or three steps, or another process is 
performed. 

[0028] In determining the aforementioned combination of the 
diaphragm and the shutter stored in the memory 223, there are 
three restriction requirements (1), (2), and (3) as follows. 
[0029] (1) In conformance with the standard TV format (NTSC 
in Japan) , it is generally impossible to make the charge 
accumulation time slower than 1/60 seconds. 
[0030] (2) In order to record smooth operation of a moving 
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subject without a sense of incongruity as a motion picture, 
it is not possible to set too high a shutter speed (to set a 
short charge accumulation time) . As a guide, it is set to 1/250 
seconds. 

[0031] At the shutter speed of the aforementioned (1) and (2) , 
only about two steps' worth of exposure adjustment can be caried 
out . There is an additional restriction requirement as follows : 
(3) With an F value on the side smaller (small diaphragm value) 
than F16 in 1/3 inch or Fll in 1/4 inch, there is a decrease 
in image-forming performance due to the diffraction resulting 
from the diminishing diaphragm aperture diameter. Fig. 19 is 
a view explaining this as an image. 

[0032] In Fig. 17, the horizontal axis indicates F No. of the 
diaphragm, and the vertical axis indicates MTF as image-forming 
performance. The. MTF is a numeric value indicating how much 
subject contrast is held on the surface where the image has 
been formed, and the higher the value is, the more preferable. 
In reality, the value changes with spatial frequency. . 
[0033] The MTF in the full aperture slightly improves when the 
aperture is decreased. This reflects, for example, an 
improvement in the spherical aberration by a decrease in the 
aperture. Furthermore, when the diaphragm value exceeds the 
value (F th ) at which the diaphragm value causes diffraction due 
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to the aforementioned narrow aperture, the MTF is decreased 
by this effect. 

[0034] When the aperture control is possible only on the 
brighter side than the F th/ a lens with an aperture of Fl . 4 or 
so can perform only about 6 steps of light quantity control, 
although it depends on the screen size. 

[0035] This means that the diaphragm and the shutter combined 
can perform only about 8 steps of light quantity control, which 
is an insufficient number of steps. 

[0036] For this reason, in actual image pickup devices the 
diaphragm blade often has an ND filter integrally pasted 
thereon. Figs. 20 (A) -(D) show the aperture in the case where 
the blade 203 has an ND filter 230 pasted thereon, from the 
full aperture (A) until the ND filter (D) fully covers the 
aperture diameter. If the ND concentration is a concentration 
which drops the transmitted light quantity to (1/2) 3 = 1/8 or 
three steps, from the aforementioned 8 + 3 = 11, it becomes 
possible to achieve the light quantity control in the range 
of the practical subject brightness. 

[0037] 

[Themes to be Solved by the Invention] However, this still has 
the following problems. 

[0038] • An increase in ND concentration causes shading of 
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brightness between the upper part and the lower part (the lower 
part of the aperture covered by the ND filter and the upper 
part having 'no ND filter), sometimes causing a subject of a 
uniform brightness not to be recorded with uniform brightness . 
[0039] • The shape of the ND filter is seen in the. shape of the 
diaphragm as an out-of-focus image, which deteriorates the 
image quality. 

[0040] • When the value of the aforementioned F th is starts to 
become brighter to reach the level of F8 or F5.6, as CCDs are 
getting smaller in size and higher in density, a range of 
sufficient light quantity control cannot be obtained by the 
current method. 

[0041] For this, there is also a well known solution in which 
the ND filter is quite separately arranged so as to be entered 
and removed from the optical path, instead of being pasted on 
the ND filter on the blade; the CPU orders the EVF (electronic 
view finder) or the like to insert or remove the ND finder, 
based on the comparison between the diaphragm value and the 
F th ; and the photographer performs the insertion and removal 
of the ND filter; however, there are problems that the inserting 
and removing operations are troublesome, and the continuity 
of image pickup is interrupted by the time elapsed before the 
restoration of the proper exposure from the moment of insertion 
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or removal/ 

[0042] Furthermore, the applicants of the present application 
have achieved, for the purpose of solving this problem, to 
secure the aforementioned continuity and to secure out-of- 
focus image by maintaining a prescribed interlocking 
relationship between the diaphragm device and the ND filter 
device controlled by the CPU. 

[0043] However, it is still difficult for this method to avoid 
the problem of the aforementioned brightness shading, if an 
image shooting is performed in the conditions where the ND 
filter is high in concentration and the ND filter covers half 
the aperture. If the concentration of the ND filter is reduced 
to avoid this problem, it becomes impossible to obtain a 
sufficient number of steps of light quantity control. 
[0044] Fig. 21 shows an example of the program diagram of the 
memory 223 shown in Fig. 18. In the program diagram indicated 
by the solid line, a shutter speed (charge accumulation time) 
of 1/60 sec is maintained first; when the aperture reaches F th , 
the shutter speed is raised up to 1/250 sec; and if it is still 
overexposed, a smaller diaphragm value is used (although narrow 
aperture diffraction occurs) . 

[0045] On the other hand, the program diagram indicated by the 
phantom line shows an example, intended to have as shallow a 
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depth of field as possible, and the shutter is raised up to 
1/250 sec at the full aperture. 

[0046] It. is possible to use the program diagram indicated by 
the broken line when the aperture is desired to be kept full 
open as much as possible in a scene having no sense of 
incongruity as a motion picture. 

[0047] The object of the invention related to the present 
application is to provide an ND filter driving device, a light 
quantity controlling device, and an image pickup device capable 
of achieving light quantity control which takes prevention of 
this vertical shading into consideration. 
[0048] 

[Means for Solving Themes] A first structure of the ND filter 
driving device for achieving the object of the invention 
according to the present application is an ND filter driving 
device comprising: a driving means, and an ND filter capable 
of being entered and removed from an effective light beam on 
a surface nearly perpendicular to the optical axis by the 
driving means, wherein said ND filter has plural regions having 
different transmissivities from each other and is structured 
so that the region having a high transmissivity comes into the 
effective light beam first when the ND filter comes into the 
effective light beam from outside the effective light beam. 
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[0049] A second structure of the ND filter driving device for 
achieving the object of the invention according to the present 
application is an ND filter driving device comprising: a 
driving means, and an ND filter capable of being entered and 
removed from an effective light beam on a surface nearly 
perpendicular to the optical axis by the driving means, wherein 
the ND filter has plural regions having different 
transmissivities from each other and is structured so that the 
region having a high transmissivity comes into the effective 
light beam first when the ND filter comes into the effective 
light beam from outside the effective light beam, and a first 
ND filter region having a high transmissivity is. structured 
to be larger in area than a second ND filter region having a 
lower transmissivity . 

[0050] A third structure of the ND filter driving device for 
achieving the object of the invention according to the present 
application is the aforementioned first or second structure 
provided with a detecting means for detecting the position of 
the ND filter with respect to the inside and outside of the 
effective light beam. 

[0051] A first structure of the light quantity controlling 
device for achieving the object of the invention according to 
the present application is a light quantity controlling device 
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comprising: a light quantity controlling mechanism for making 
an aperture diameter variable by making a driving means drive 
plural light quantity controlling members, and an ND filter 
capable of being entered and removed from an effective light 
beam on a surface nearly perpendicular to the optical axis by 
the driving means, wherein the ND filter has plural regions 
having different transmissivities from each other and is 
structured so that the region having a high transmissivity 
comes into the effective light beam first when the ND filter 
comes into the effective light beam from outside the effective 
light beam. 

[0052] A second structure of the light quantity controlling 
device for achieving the object of the invention according to 
the present application is a light quantity controlling device 
comprising: a light quantity controlling mechanism for making 
an aperture diameter variable by making a driving means drive 
plural light quantity controlling members, and an ND filter 
capable of being entered and removed from an effective light 
beam on a surface nearly perpendicular to the optical axis by 
the driving means, wherein the ND filter has plural regions 
having different transmissivities from each other_ and is 
structured so that the region having a high transmissivity 
comes into the effective light beam first when the ND filter 
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comes into the effective light beam from outside the effective 
light beam, and a first ND filter region having a high 
transmissivity is structured to be larger in area than a second 
ND filter region having a lower transmissivity. 
[0053] A third structure of the light quantity controlling 
device for achieving the object of the invention according to 
the present application is the first or second structure of 
the light quantity controlling device provided with a light 
quantity control state detecting means for detecting a light 
quantity control state controlled by the light quantity 
controlling members. 

[0054] A fourth structure of the light quantity controlling 
device for achieving the object of the invention according to 
the present application is the first or second structure of 
the light quantity controlling device provided with adetecting 
means for detecting the position of the ND filter with respect 
to the inside and outside of the effective light beam. 
[0055] A fifth structure of the light quantity controlling 
device for achieving the object of the invention according to 
the present application is the first or second structure of 
the light quantity controlling device provided with a 
controlling means for controlling the driving means of the 
light quantity controlling mechanism and the driving means for 
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driving the ND filter, based on detection information of the 
light quantity control state detecting means for detecting the 
light quantity control state controlled by the light quantity 
controlling members and information of the detecting means for 
detecting the position of the ND filter with respect to the 
inside and outside of the effective light beam. 
[0056] A first structure of the image pickup device for 
achieving the object of the invention according to the present 
application comprises: the light quantity controlling device 
of the fifth structure, the light quantity controlling 
mechanism and the ND filter in the light quantity controlling 
device being disposed in an image pickup optical system. 
[0057] A second structure of the image pickup device for 
achieving .the object of the invention according to the present 
application is in the first structure of the image pickup device, 
the controlling means drives the driving means of the ND filter 
when the light quantity controlling members make a shift to 
a narrow aperture diameter after passing through a prescribed 
aperture diameter. 

[0058] A third structure of the image pickup device for 
achieving the object of the invention according to the present 
application is in the first structure of the image pickup device, 
the controlling means does not drive the driving means of the 
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ND filter until the light quantity controlling members are 
reduced to a prescribed F value in order to obtain optimum 
exposure from an overexposed state. 

[0059] A fourth structure of the image pickup device for 
achieving the object of the invention according to the present 
application is in the third structure of the image pickup device, 
wherein the prescribed F value becomes variable. 
[0060] A fifth structure of the image pickup device for 
achieving the object of the invention according to the present 
application is in the first structure of the image pickup device, 
the controlling means controls the driving means of the light 
quantity controlling members and the driving means of the ND 
filter so as to perform light quantity control, while keeping 
at least one prescribed state relationship between the light 
quantity controlling members and the ND filter. 
[0061] A sixth structure of the image pickup device for 
achieving the object of the invention according to the present 
application is in the fifth structure of the image. pickup device, 
wherein the prescribed state relationship becomes variable. 
[0062] A seventh structure of the image pickup device for 
achieving the object of the invention according to the present 
application is in the first structure of the image pickup device, 
the controlling means drives the ND filter in a range from a 
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retracted position outside the optical path to the position 
where the first ND filter fully covers the diaphragm aperture 
diameter when the light quantity control state detected by the 
light quantity control state detecting means is between the 
full aperture or a first aperture diameter and a second aperture 
diameter smaller than the first aperture diameter, and drives 
the ND filter including the region where the second filter comes 
into the aperture diameter when the aperture state detected 
by the light quantity control state detecting means is on the 
second aperture diameter or the smaller diameter side. 
[0063] 

[Preferred Embodiment] (First Embodiment ) Fig. 1 and Fig . 2 show 

the first embodiment of the present invention. 

[0064] In Fig. 1, the ND filter is retracted outside the optical 

path. In Fig. 1, members having the same functions as those 

shown in Fig. 18 are referred to with the same reference 

symbols. 

[0065] 238 and 239 are ND filters different in concentration 
(transmissivity) ; 238 is a filter having a comparatively low 
concentration (high transmissivity) and 239 is a filter having 
a higher concentration (lower transmissivity) than the filter 
238. 

[0066] These ND filters 238 and 239 can by made of film, instead 
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of glass. 

[0067] It is also possible that filter material having one 
concentration is arranged in the positions of the filters 238 
and 239, and one ND filter 238 is composed exclusively of the 
common filter material, and the other filter 239 is 
superimposed with the filter material of- one concentration; 
or it is also possible that the filter 238 and the filter 239 
have different concentrations from each other in the 
fabrication of the ND filters. In this case, both the filter 

238 and the filter 239 are structured to have an area which 
can completely cover the full aperture diameter 205 of the 
diaphragm. 

[0068] 231 is a meter part as an ND filter driving means; 232 
is the output shaft of the meter; 233 is an interlocking lever; 
234 is a pin of the lever tip; 235 is a long groove formed in 
the operating part of the frame member 237 which holds the ND 
filters; and 236 is a rotation center of the frame member 237. 
[0069] In Fig. 1 and Fig. 3, 254 is a first leaf switch which 
is turned on by being pushed by. the frame member 237 when the 
frame member 237 indicating no use of the ND filters 238 and 

239 is in the position shown in Fig. 1. As shown in Fig. 3, 
when one ND filter 238 comes into the optical path and stops 
in the position to cover the aperture 241, the first leaf switch 
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254 and the second leaf switch 255 which is shown in Fig. 3 
are both out of contact with the frame member 237 and turned 
off. 

[0070] When the frame member 237 rotates to make the other 
filter 239 reach the position to cover the aperture 241, the 
second leaf switch 255 is pushed by the frame member 237 and 
turned on. 

[0071] To be more specific, when the first leaf switch 254 is 
on and the second leaf switch is off, it indicates that the 
ND filters are out of use; when the first leaf switch 254 and 
the second leaf switch 255 are both off, it indicates that one 
ND filter 238 having a lower concentration is in use; and when 
the first leaf switch 254 is off and the second leaf switch 
is on, it indicates that the other ND filter 239 having a higher 
concentration is in use. 

[0072] Assuming that the output shaft 232 of the meter 231 is 
rotated to the left as shown by the arrow, the lever 233 also 
rotates in the arrow direction. As a result of this movement, 
the frame member 237 rotates in the arrow direction around the 
rotation center 236 by the interlocking between the long groove 
235 and the pin 234. 

[0073] As a result, the ND filters 238 and 239 come into the 
optical path in the arrow direction. 
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[0074] Fig. 2 is a simplified view showing the case where the 
ND filter driving device shown in Fig. 1 is disposed in a zoom 
lens. 

[0075] The lens groups of 111. to 114 show the respective groups 
described in Fig. 17. 211 is a CCD, diaphragm devices (202, 
203, 206), and ND filter driving devices (231, 237), which are 
structured to operate on a surface perpendicular to the optical ■> 
axis 241. Fig. 3 shows the state where the frame member 237 
has rotated from the state shown in Fig. 1 to the position where 
one ND filter 238 part completely covers the full aperture. 
[0076] It is a matter of course that further rotation will cause 
the other ND filter 239 to start to cover the, full aperture 
and finally covers it completely. 

[0077] In the present embodiment, the ND filter 2.38 has a 
concentration which makes the transmitted light quantity 1.5 
steps the full aperture (light quantity 1/2.8), and the other 
ND filter 239 has a concentration which corresponds to 3 steps 

(light quantity 1/8) the full aperture, the effect of the 
shading can be greatly improved, as compared with the case where " 
only the ND filter having the same concentration as the other 
ND filter 239 is entered and removed from the optical path. 

[0078] Fig. 4 is a control block diagram for the case of 
executing the present invention. As compared with the block 
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structures in these conventional devices shown in Fig. 18, the 
CPU^222 controls the operation of the actuator 231 (the meter 
231 shown in Fig. 1) for driving the ND filters via the ND meter 
driving circuit 241. On the other hand, 251 is a switch for 
detecting the state where the ND filters are completely removed 
as shown in Fig. 1. 261 is a switch that is turned on when the 
other ND filter 239 is completely entered. 

[0079] Fig. 5 shows a method for controlling exposure in the 
present embodiment. 

[0080] In the drawing, the axis 242 indicates the shutter speed 
(charge accumulation time of the CCD) . Here, the slowest 

shutter speed (point 245) is made 1/60 seconds. 

[0081] The axis 243 indicates the aperture condition. The point 

245 indicates the full aperture, and in the direction extending 

to the lower left in the drawing, the aperture diameter of the 

diaphragm is reduced (narrower aperture) . 

[0082] The axis 244 shows the state of the ND filters coming 
into the optical path. On the axis, "238 IN" and "239 IN" 
indicate the positions where the filters having the respective 
concentrations (one filter 238 having a low concentration and 
the other filter 239 having a high concentration) completely 
cover the aperture diameters at those moments. (However, the 
aperture diameters at those moments depend on the F value. To 



-28- 




simplify the following explanation, F £h is used as the minimum 
F value in the range having no image deterioration due to the 
narrow aperture diffraction, and the positions at which the 
respective ND filters fully cover the aperture diameters 
obtained at F th are shown as "238 IN" and "239 IN". 
[0083] In this graph, the transmitted light quantity can be 
maximum (suitable to the darkest subject) at the point 245 at 
which the aperture is full open, the shutter time is 1/60 
seconds, and no ND filter, is entered. Although it is not 
illustrated on the block diagram of Fig. 4 and Fig. 18, when 
the proper exposure cannot be obtained even at the point 245, 
amplification (gain up) exceeding the normal level is sometimes 
carried out in the Amp circuit 212. 

[0084] In this drawing, it is assumed that exposure control 
is performed along the bold line. This is not the only way to 
connect the bold lines. 

[0085] First, the diaphragm is exclusively moved from the point 
245 to perform the exposure control. In the region indicated 
by the points 245 to 246, the diaphragm is controlled between 
the full aperture and F th . 

[0086] Reducing the aperture over F th causes image 
deterioration at the time of a narrow aperture as described 
above, and in order to avoid this, the ND meter 231 is moved 
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between the point 24 6 and the point 247 to reduce the 
transmitted light quantity as much as possible. During this 
time period, the segment A becomes an idle period of the ND 
filters (the period before the ND filters start to cover the 
effective optical path) . 

[0087] In order to avoid the idling, the segment 249 can be 
set different from between the point 245 to the point 246 so 
as to connect the point 245 to the point 250; however, in this 
case, it is necessary to perform the position control of the 
ND filters being entered, for which an aspect will be described 
in an embodiment shown after the present embodiment. 
[0088] When the point 247 is reached, the shutter speed is 
raised up to 1/250 seconds so as to reach the point 248. 
[0089] Fig. 6 and Fig. 7 are flowcharts depicting the operation 
of the first embodiment. 

[0090] This starts at 261. At step263, whether it is in the 
optimum exposure or not is checked. When it is not in the optimum 
exposure, whether it is overexposed or underexposed is checked 
at step264, and if it is. overexposed, the process moves to 
step265, and if it is underexposed, the process moves to step269 
shown in Fig. 7. In the case of overexposure, whether or not 
the F value at that moment is in the wider aperture side than 
F th is checked at step265. When it is in the wider aperture side, 
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it is between the points 245 and 246, so the diaphragm is driven 
to the narrower aperture side at step266. In order to further 
secure that it is in the range of the points 245 to 246 of Fig. 
5, it is possible to make sure that the first leaf switch 254 
for detecting the ND-OUT state, which is shown in Fig. 1 and 
omitted in this flowchart, is ON. 

[0091] When the step 265 indicates N, it is somewhere between 
the points 246 to 247, 247 to 248, or 248 to the narrow aperture 
of Fig. 5. Therefore, the state of the second leaf switch 255 
which is an NDIN, switch is detected at step267. 
[0092] If the ND filters are not completely entered, the ND 
meter is driven to the IN side at step268. If the ND filters 
including the other ND filter 239 having a high concentration 
are completely entered, the determination in the step 267 
becomes Y, and while monitoring that the shutter time has not 
exceeded 1/250 seconds at step274, the shutter time is speeded 
up to step275. 

[0093] If the proper exposure is not obtained even when the 
shutter has reached 1/250 sec at step274, the aperture is 
further reduced at step266 to obtain the proper exposure at 
the expense of image deterioration due to a narrow aperture. 
[0094] Fig. 7 shows a flowchart in the case of underexposure, 
which is nearly a reverse of the flowchart shown in Fig. 6. 
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To be more specific, when it has been determined at step270 
that the current F value is in the wider aperture side than 
F th , the diaphragm is driven further to the wider aperture side, 
making the process return to step262 of Fig. 6. If the current 
F value has been determined to be larger than F th , it is detected 
at step272 whether or not the second leaf switch 255' is on, 
and if it is off, one ND filter 238 having a low concentration 
is determined to be present in the optical path and the ND meter 
is driven to retract this ND filter from the optical path, 
making the process return to step26 in Fig. 7. 
[0095] If the second leaf switch 255 has been determined to 
be on at step272, the other ND filter having a high 
concentration is present in the optical path, so it is 
determined at step276 whether or not the shutter time is larger 
than 1/60. 

[0096] When the shutter time has been determined to be 1/60 
at step276, the diaphragm is driven to the wider aperture side 
at step271, and when the shutter time has been determined not 
to be 1/60, the shutter time is reduced at step277, which makes 
the process return to step262 of Fig. 6. 

[0097] Furthermore, the bold lines shown in Fig. 5 indicate 
the operation of a means for restricting transmitted light 
quantity under the conditions of the full aperture, 1/60 sec. , 
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and ND OUT state in the sequence starting at the point 245 to 
the diaphragm — ► the ND filters — > the shutter time — > the 
diaphragm; however, the sequence can be changed based on the 
camera mode setting. In Fig. 4, the camera mode Sw 219 reflects 
the intention of image pickup to make the depth of field as 
shallow as possible (for example, a portrait mode) , and in 
response to this, the above sequence is changed to the shutter 
— ► the ND filters — > the diaphragm. 

[0098] The detecting switches of ND IN or OUT can be photo 
interrupters instead of the leaf switches. The present 
embodiment shows the rotatable ND filters as shown in Fig. 1 
and Fig. 3; however, they can be structured to be slidably 
driven. 

[0099] (Second Embodiment) Figs. 8 and 9 show the second 
embodiment of the present invention. 

[0100] In the first embodiment of the present invention, 
concerning the state of entering and removing the ND filters 
from the effective optical path, the state where the ND filter 
239 is IN is just detected by the second leaf switch 255 as 
shown in Fig 3, and the state where the ND filter 238 is OUT 
is just detected by the first leaf switch 254 as shown in Fig 
1. 

[0101] The second embodiment is characterized by comprising 
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an encode means (ND encoder) which can detect the rotation angle 
of the ND filters as an absolute position. 

[0102] In Fig. 8, as the block 278, an ND encoder for detecting 
the absolute position information of the aforementioned ND 
meter is provided, and the detection results are taken into 
the CPU 222. In this case, the memory means 223 inside the CPU 
222 can store various interlocking relationships between the 
ND meter and the diaphragm meter, and the two meters can be 
interlocked based on the stored data. 

[0103] As this ND encoder, besides a method for detecting 
changes in the magnetic flux in the vicinity of the boundary 
of the N pole and the S pole of the rotor magnet by a hall element 
provided inside the meter which is the ND driving source in 
the same manner as the conventional well-known diaphragm 
encoder, there are various other methods such as a method for 
continuously counting the driving input pulses to stepmotor 
from the reference position by using this driving source as 
a step motor driving, not as a meter. 

[0104] Such a structure can be realized by forming an 
interlocking state excluding the idle section A of Fig. 5 in 
the memory 223 as indicated by the chain line 249 of Fig. 5. 
[0105] In Fig. 9, the method indicated by the solid line 
connecting the points 245, 249, 279, 280, and 281 showing some 
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examples of such an interlocking relationship performs light 
quantity control along the line starting at the point 245 to 
the diaphragm -» the ND filters — ► the shutter — > the diaphragm 
in the same manner as in Fig. 5 of the first embodiment; it 
is possible, however, in the region of the solid line 249, to 
make the ND meter wait in a position as close to the diaphragm 
aperture as possible in the region not overlapping the 
diaphragm aperture in accordance with each diaphragm aperture 
diameter from the full aperture to F th . 

[0106] Consequently, the "idle section A" of Fig. 5 can be 
excluded. 

[0107] The chain line 283 indicates a shift from the state where 
the shutter time is [1/60], the diaphragm is full aperture, 
and the ND filter 238 having a low concentration and the ND 
filter 239 having a high concentration are both retracted 
outside the optical path to the state where the shutter time 
is [1/60], the diaphragm value is F th , and the ND filter 239 
having a high concentration is in the optical path, that is, 
both the diaphragm and the ND filters ■ perform prescribed 
interlocking operation between the points 245 to 247. 
[0108] Next, according to the program indicated by the broken 
line, in the region closer to the full aperture shown by the. 
reference numeral 284, the ND filters are not allowed in the 
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optical path for the purpose' of obtaining a beautiful out- 
of-focus image, and later, in the region shown by the reference 
numeral 285, the diaphragm and the ND filters are interlocked. 
In this case, the region shown by the reference numeral 284 
can be overlapped with the region shown by the reference numeral 
249. , 

[0109] Furthermore, the program indicated by the solid line 
300 shows the case where the point 245 and the point 248 are 
directly connected so that the diaphragm and the ND filters 
are interlocked as prescribed, including the shutter time. 
[0110] They can be switched depending on the camera mode in 
accordance with the purpose and effects. It is also possible 
to change the F th value itself when necessary including the first 
embodiment. Furthermore, the F th value can be changed in 
accordance with the quality of recording image. 
(Third Embodiment) Fig. 10 and Fig. 11 show the third 
embodiment . 

[0111] The third embodiment realizes an ND filter driving 
mechanism reduced in size, as compared with those of the first 
and second embodiments, and as shown in Fig. 10 the ND filter 
238 having a low concentration has an area to fully cover the 
aperture diameter 290 smaller than the full aperture diameter 
205, and the ND filter 239 having a high concentration has an 
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area to fully cover the aperture diameter 291 smaller than the 
aperture diameter 290. 

[0112] Therefore, according to the present embodiment, as 
apparent from Fig. 10,. the rotation angle of the ND filters 
can be reduced. For this reason, the interlocking lever parts 
can also be reduced in size, although they are illustrated at 
the same size in Fig. 10 as in Fig. 1 and Fig. 3. 
[0113] In Fig. 10, the ND filter 238 is structured to cover 
the aperture diameter 290, and the ND filter 239 is structured 
to cover the aperture diameter 291 (smaller than the aperture 
diameter 290) ; however, it is possible that the ND filters 238 
and 239 are structured to fully cover the same aperture diameter 
290, or that the ND filter 239 is structured to cover an aperture 
diameter (narrow aperture) smaller than the full aperture 
diameter, while the ND filter 238 is structured to cover the 
full aperture diameter. 

[0114] As described in the first embodiment, this ND filter 
driving device can make the ND filters slide instead of making 
them rotate around the rotation axis. 

[0115] Fig. 11 shows the interlocking relationship between the 
ND filter driving device and the diaphragm device shown in Fig. 
10. 

[0116] Assuming that the ND filter 238 is set to fully cover 
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an aperture of F5 . 6, and the ND filter 239 is set to fully cover 
an aperture of Fll as shown in Fig. 11, the diaphragm and the 
ND filters are controlled so as to have an interlocked 
relationship designated by the reference numerals 292, 293, 
294, 295, and 296. 

[0117] This excludes an inconvenience that the frame member 
of the ND filters covers the aperture. In addition, similar 
to the second embodiment, in order to exclude the "idle section 
A", the direction pattern indicated by the chain lines 297 and 
298 can be used. 

[0118] Although the diaphragms in these embodiments are all 
shown as two diaphragm blades, it is a matter of course that 
a so-called iris diaphragm composed of 5 or more blades can 
be used. 

[0119] ' ' 

[EFFECT OF THE INVENTION] As described hereinbefore, the 
present invention can secure the continuity of image pickup 
and also secure a full-open out-of-focus image, without narrow 
aperture diffraction, while using an image pickup device such 
as a CCD, and while greatly improving the degree of vertical 
shading and the like due to the ND filters, thereby achieving 
optimum exposure control in accordance with the camera mode. 
[0120] In addition, its miniaturization is also realized. 
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[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] An ND filter driving device suitable for the first 
embodiment of the present invention 

[Fig. 2] A simplified arrangement diagram inside a zoom lens 
of the ND filter driving device of the first embodiment of the 
present invention 

[Fig. 3] A view showing the operating state of the ND filter 
driving device of the first embodiment of the present invention 
[Fig. 4] A block diagram showing the ND filter driving device 
of the first embodiment of the present invention 
[Fig. 5] A graph showing exposure compensation operations of 
the ND filter driving device of the first embodiment of the 
present invention 

[Fig. 6] A flowchart of the ND filter driving device of the 
first embodiment of the present invention 

[Fig. 7] A flowchart of the ND filter driving device of the 
first embodiment of the present invention 

[Fig. 8] A block diagram of the second embodiment of the present 
invention 

[Fig. 9] A graph showing exposure compensation operations of 
the second embodiment of the present invention 

[Fig. 10] An ND filter driving device suitable for the third 
embodiment of the present invention 



-39- 




[Fig. 11] A graph showing exposure compensation operations of 

the third embodiment of the present invention 

[Fig. 12] A view showing the structure of the conventional zoom 

lens 

[Fig. 13] A block diagram relating to the exposure control of 
the conventional image pickup device 

[Fig. 14] A view showing the relationship between the diaphragm 
and MTF 

[Fig. 15] A conventional example of the diaphragm and ND 

[Fig. 16] A conventional example of exposure control by the n 

combination of the diaphragm and the shutter 

[Description of Symbols] 

231 ND driving source 

205 full aperture diameter 

238 ND filter 

239 ND filter having a higher concentration than the ND filter 
238 

222 CPU 

223 memory of the interlocking relationship between the ND 
and the diaphragm 

273 ND encoder 
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